Although idiopathic dilated cardiomyopathy is often viewed as an affliction of young or middle-aged adults, morbidity and mortality rates from idiopathic dilated cardiomyopathy rise sharply with age and are highest in the elderly. To learn more about the determinants of this increasingly important cause of heart failure in the elderly, the authors conducted a pooled analysis of data from two case-control studies of idiopathic dilated cardiomyopathy earned out in Baltimore, Maryland (1984 -1986 , and Washington, DC (1990DC ( -1992. Identical diagnostic criteria and interviewing procedures had been used in both studies. All of the cases of idiopathic dilated cardiomyopathy had evidence of ventricular dilatation and hypokinesis, with a left ventricular ejection fraction of <40%. Cases with a history of coronary artery disease were excluded along with those with known secondary forms of cardiomyopathy. Up to two neighborhood controls of the same sex and approximate age (±5 years) were selected for each case using a random digit dialing technique. The subjects or a suitable surrogate was interviewed by telephone to obtain medical history information. The present analysis was limited to 94 cases and 152 matched controls who were at least 60 years of age. Conditional logistic regression methods were used in the analysis. Significant associations were observed with lower educational attainment and a history of hypertension (p < 0.05). The association with hypertension (relative odds = 2.2, 95% confidence interval 1.1-4.6) persisted after adjustment for race, education, and diabetes and was not accounted for by coronary angiography utilization patterns. The association with diabetes was of borderline significance (p < 0.10). The pattern of risk factors identified in this analysis may allow for the early identification of elderly persons who are at increased risk of idiopathic dilated cardiomyopathy. Am J Epidemiol 1996;143: 881-8. aged; blacks; body mass index; cardiomyopathy, congestive; case-control studies; diabetes mellitus; hypertension; meta-analysis Epidemiologic data from the United States indicate that idiopathic dilated cardiomyopathy is being increasingly recognized in the elderly (1-4). Morbidity and mortality rates from idiopathic dilated cardiomyopathy rise sharply with age and are highest among older age groups (3, 4). In the Washington County, Maryland, population, for example, 39 percent (9 of 23) of newly diagnosed cases of idiopathic dilated cardiomyopathy hospitalized over the period 1985-1991 were at least 60 years of age (4).
Epidemiologic data from the United States indicate that idiopathic dilated cardiomyopathy is being increasingly recognized in the elderly (1) (2) (3) (4) . Morbidity and mortality rates from idiopathic dilated cardiomyopathy rise sharply with age and are highest among older age groups (3, 4) . In the Washington County, Maryland, population, for example, 39 percent (9 of 23) of newly diagnosed cases of idiopathic dilated cardiomyopathy hospitalized over the period 1985-1991 were at least 60 years of age (4) .
A number of risk factors have been associated with idiopathic dilated cardiomyopathy in recent epidemiologic studies, including black race, low income, hypertension, diabetes mellitus, cigarette smoking, chronic respiratory disease, and family history of cardiomyopathy (5) (6) (7) (8) (9) (10) (11) . In studies carried out to date, however, the cases and controls have generally been matched on age categories, or few elderly subjects have been included. Thus, little is known about the pattern of risk factors for idiopathic dilated cardiomyopathy in the elderly, despite the growing need for effective measures for the prevention of idiopathic dilated cardiomyopathy in older age groups (1, 2) .
To leam more about the determinants of this increasingly important cause of heart failure in the elderly, we conducted a pooled analysis of data from two case-control studies of idiopathic dilated cardiomyopathy carried out in Baltimore, MD (1984 MD ( -1986 , and Washington, DC (1990 DC ( -1992 . In this subgroup analysis of the previously reported case-control studies (5-7), we explored possible associations with a num-ber of cardiovascular risk factors in the elderly, while taking into account a history of coronary angiography to rule out coronary artery disease.
MATERIALS AND METHODS

Baltimore study
The study design and methods of this study have been described in detail elsewhere (5, 9) . Briefly, potential cases of dilated or unspecified cardiomyopathy (International Classification of Diseases, Ninth Revision, codes 425.4-425.9) were ascertained from the discharge listings of The Johns Hopkins Hospital and three other Baltimore hospitals for the period January 1, 1984, through July 31, 1986. Cases who were diagnosed prior to December 31, 1983, were excluded, along with those who were less than 16 years of age or who resided outside the Baltimore metropolitan area. The medical records of the remaining cases were abstracted for diagnostic and medical history information.
Standard diagnostic criteria were developed for this study (5, 9) . All of the cases of idiopathic dilated cardiomyopathy had evidence of ventricular dilatation and global hypokinesis, with a left ventricular ejection fraction of less than 40 percent. Cases with a history of congenital heart disease, significant valvular heart disease, coronary artery disease, or known secondary forms of dilated cardiomyopathy were excluded. Coronary artery disease was defined as evidence of stenosis of one or more main coronary arteries of 50 percent or greater or as a history of a myocardial infarction with substernal chest pain, recent electrocardiogram changes (Q waves, S-T segment changes), and a twofold or greater elevation of cardiac enzymes. Patients who had a history of heavy, chronic alcohol abuse, defined as consumption of 8 fluid oz (240 ml) or more of ethanol per day, on average, for a period of 6 months or longer, or had treatment for alcoholism or alcohol withdrawal syndrome were considered to have dilated cardiomyopathy secondary to alcohol abuse. Subjects with a history of hypertension were not excluded if the criteria for dilated cardiomyopathy were otherwise met.
A neighborhood control of the same sex and approximate age (±5 years) was selected for each case using a random digit dialing technique. Telephone numbers for potential controls were obtained by randomizing the last two or three digits of the telephone number of the respective case at the time of diagnosis. If the call could not be completed after at least five attempts were made to reach the initial household, dialing at different times and days of the week, a new number was selected. The households that were contacted in this way tended to be in the general neighborhood of the case.
Washington, DC, study
The same diagnostic criteria were applied in the Washington, DC, Dilated Cardiomyopathy Study (6, 7) as those used in the earlier study (5, 9) . Possible cases of dilated cardiomyopathy were ascertained from the discharge listings of five hospitals in the Washington, DC, metropolitan area for the period July 1, 1990, through February 29, 1992 . Cases who were diagnosed prior to July 1, 1989, were less than 18 years of age, or resided outside the Washington, DC, metropolitan area were excluded. The medical records of the remaining cases were abstracted for diagnostic and medical history information.
Neighborhood controls of the same sex and approximate age (±5 years) were selected for each case using procedures identical to those used in the previous study, with the exception that two controls were selected for each case.
Interviews
In both studies, the subjects were interviewed by telephone in their homes using structured questionnaires with predetermined prompts. Surrogate interviews of a close family member were completed for those cases who were deceased or too ill to participate. Although the interviewers were not blinded to the case-control status of each respondent, written procedures were followed to minimize potential problems related to interviewer bias. The subjects or their surrogate was interviewed about socioeconomic and demographic factors, history of diabetes mellitus, asthma, hypertension, cigarette usage, and alcohol consumption. The respondents were asked if the subjects had ever been told by a physician that they had diabetes, hypertension, or asthma.
Statistical analysis
The present analysis was limited to subjects who were at least 60 years of age. Four cases who met this eligibility criterion were excluded because both of their matched controls were less than 60 years of age. The elderly cases and their matched controls were initially compared by obtaining unmatched estimates of the relative odds in order to maximize the number of subjects included in stratified analyses. Ninety-five percent confidence intervals were estimated using Woolfs method (12) . Interview responses concerning the usual consumption of beer, liquor, and wine were converted to fluid ounces (milliliters) of ethanol per month using a standard formula (13) . Multivariable Dilated Cardiomyopathy in the Elderly 883 analysis was carried out using conditional logistic regression methods in order to determine adjusted relative odds and to assess statistical significance (12, 14) .
RESULTS
A total of 94 cases and 152 matched controls were available for this analysis. Surrogate interviews of a close family member were necessary for 50.0 percent (16 of 32) of the Baltimore cases and 37.1 percent (23 of 62) of the Washington, DC, cases because of death or severe illness. The age and sex distributions of the cases and controls by study sample (Baltimore vs. Washington, DC) are shown in table 1. The ages of the 32 cases from the Baltimore study ranged from 60 to 80 years, and the mean ages of the Baltimore cases and controls were 69.1 and 69.0 years, respectively. The ages of the 62 cases from the Washington, DC, study ranged from 60 to 87 years, and the mean ages of the Washington, DC, cases and controls were 71.0 and 70.9 years, respectively. Nineteen of the 32 cases from Baltimore (59.4 percent) were males as compared with only 24 of the 62 Washington, DC, cases (38.7 percent). Table 1 shows the crude relative odds values of idiopathic dilated cardiomyopathy for a variety of characteristics for each study sample separately. The numbers of subjects vary slightly across each comparison (and in subsequent tables) as a result of missing data. Positive associations were observed with low income, lower educational attainment, diabetes mellitus, and hypertension. Associations with black race, asthma, and the Quetelet index were inconsistent (table 1). Marital status, cigarette smoking, and moderate levels of alcohol consumption did not appear to be associated with idiopathic dilated cardiomyopathy in this sample of elderly persons.
Medical record information on cardiac morphologic measurements was insufficiently complete to allow for meaningful analyses. Table 2 shows the crude relative odds values of idiopathic dilated cardiomyopathy for a variety of characteristics according to whether or not the case within each matched set had undergone coronary angiography. The associations with low income and diabetes were generally consistent across strata defined in this way (table 2). The point estimates of the relative odds suggested that the associations with black race and hypertension were somewhat stronger among those subjects in whom the respective case had not undergone coronary angiography (p > 0.05).
The associations of interest were further examined across strata defined by whether or not a surrogate interview had been required for the case within each matched set. The associations of interest were generally consistent across strata defined in this way, and no important differences were observed (results not shown).
The conditional logistic regression analysis was completed using data for black and white elderly subjects alone, because of the small number of Hispanic subjects and subjects who reported that their race was neither black nor white. Statistically significant (p < 0.05) independent associations were observed with hypertension and low educational attainment after adjustment for the other factors shown (table 3) . A statistically nonsignificant association was observed with black race {p > 0.05). The association with diabetes was of borderline significance (relative odds = 2.0, 95 percent confidence interval 0.9-4.4). No statistically significant interaction terms were found between any of the variables examined, including the angiography status of the respective case. Similar results were obtained when the analysis was repeated using unconditional logistic regression with a covariate for study site included in each model (results not shown). Interaction terms between study site and the other variables of interest were not statistically significant in the unconditional logistic models.
DISCUSSION
The pattern of risk factors observed in the present study of elderly cases and neighborhood controls from two geographic localities in the mid-Atlantic region of the United States is generally similar to those observed in recent epidemiologic studies of idiopathic dilated cardiomyopathy in adults of all ages (5-9). Taken overall, these studies indicate that lower socioeconomic status is a marker of increased risk and that diabetes mellitus and hypertension may have a role in the development of idiopathic dilated cardiomyopathy.
The present results suggest but do not prove that diabetes is a risk factor for dilated cardiomyopathy manifested by systolic dysfunction and ventricular dilatation in the elderly. Several forms of myocardial dysfunction that have often been collectively referred to as "diabetic cardiomyopathy" (7, 15, 16) have been reported among diabetics. Echocardiographic and angiographic studies of asymptomatic insulin-dependent diabetic patients have shown a wide range of abnormalities of left ventricular function (17) (18) (19) (20) (21) . Although many authorities recognize diabetic cardiomyopathy as a clinical entity, few studies have focused specifically on diabetic patients with evidence of ventricular dilatation and systolic dysfunction, and diabetes has not been established as a risk factor for idiopathic dilated cardiomyopathy by studies carried out to date (7) . Moreover, many clinical investigations have been limited to young or middle-aged diabetics (7) . Although the pathogenesis of cardiorayopathy among diabetics is unknown, several plausible biologic mechanisms have been proposed, including interstitial accumulation of glycoprotein and collagen in the myocardium, abnormalities of small intramural vessels, changes in contractility owing to neuropathy, and metabolic derangements (7, 16 epidemiologic evidence for an association with hypertension has been inconsistent (5, 8, 22) . Severe or * Cases and controls were matched on age (±5 years) and sex. Covariates were coded yes = 1, no = 0. Hispanlcs were excluded from this analysis along wtth those who reported that their race was neither black nor white.
t Fixed reference category.
long-standing hypertension can result in left ventricular hypertrophy and, in some instances, ventricular dilatation (8, 22) . In a recent study of 356,222 men who were screened as part of the Multiple Risk Factor Intervention Trial, who ranged in age from 35 to 57 years at baseline, both diastolic blood pressure and systolic blood pressure were found to be highly predictive of mortality from idiopathic dilated cardiomyopathy over the 12-year follow-up period after adjustment for other measured risk factors (8) . Hypertension and diabetes (or glucose intolerance) may act through a common mechanism to induce cardiomyopathy (15, 16) . Animal models of cardiomyopathy have suggested an interactive effect between hypertension and diabetes (16) . The distinction between idiopathic and secondary forms of dilated cardiomyopathy is often blurred, and there is no conclusive evidence of cause and effect for many associated conditions (7). Since idiopathic dilated cardiomyopathy is a diagnosis of exclusion, it would be reasonable to exclude patients with severe hypertension and diabetes from future studies, provided these biologically plausible associations are determined to be reproducible and free of uncontrolled confounding or other bias (7) .
With aging, there may be a longer exposure to risk factors such as hypertension and diabetes and a diminished capacity to cope with them (23) . The prevalence of hypertension and left ventricular hypertrophy increases with advancing age (23) . Although the overall size of the heart does not increase with age in healthy adults, the left ventricular wall thickness and cardiac mass may increase slightly, and cardiac output tends to decrease with advancing age (24, 25) . The weight of the evidence indicates that left ventricular systolic function is not altered by the aging process under basal conditions (25) . Age-associated changes in the myocardium include increases in the size of myocytes and in the rate of degenerative changes, a progressive loss of myocytes, and a decrease in mitochondrial oxidative phosphorylation (24) . Mitochondrial oxidative phosphorylation may be further reduced in patients with diabetes and hypertension. Age-related decreases in myocardial /3-adrenergic receptor responsiveness have also been described (26) .
Only newly diagnosed cases of idiopathic dilated cardiomyopathy were included in this pooled analysis. However, since the onset of idiopathic dilated cardiomyopathy is often insidious and detailed information about the duration of symptoms was often lacking in these studies (5, 7), we cannot rule out the possibility that the age of onset was less than 60 years in some patients.
Temporal changes may influence the associations observed between risk factors such as hypertension and dilated cardiomyopathy (8) . If a patient with dilated cardiomyopathy from long-standing hypertension first presents late in the course of the disease, hypotension may occur as a result of the impaired cardiac output, and the preexisting hypertension may not be documented. In the Washington, DC, Dilated Cardiomyopathy Study (7) , the duration of hypertension among the cases ranged up to 49 years with a median of 8 years. The duration of diabetes among the newly diagnosed cases of idiopathic dilated cardiomyopathy ranged up to 43 years with a median of 9 years (7).
Bias may result from pooling data from separate studies with differing protocols and differing exposure prevalence (27) . This is less likely to have occurred in the present analysis because identical diagnostic criteria and interviewing procedures were used in both studies. Moreover, the study site was controlled for in the multivariable analysis, and no significant interaction terms were found between the study site and the other variables of interest. The positive associations observed in stratified analysis were generally consistent across studies to a greater or lesser extent.
Several factors increase the difficulty of obtaining valid information about risk factors for idiopathic dilated cardiomyopathy in the elderly. Incidence and mortality rates for coronary artery disease rise sharply with age, and coronary artery disease is much more prevalent among older individuals (23) . As a result, the level of diagnostic suspicion for idiopathic dilated cardiomyopathy may be low for older patients, particularly those with coronary artery disease risk factors such as hypertension, diabetes, and cigarette smoking. Nevertheless, these atherogenic factors may also be risk factors for idiopathic dilated cardiomyopathy, and coronary atherosclerosis and primary myocardial disease may coexist in the same individual (28) . Another difficulty is that the elderly are often less likely to undergo coronary angiography and other diagnostic procedures that allow the differentiation of idiopathic dilated cardiomyopathy from coronary artery disease and other causes of heart failure (28) . This may be particularly true among older minority patients (28) . Although we cannot rule out the possibility of misclassification with "ischemic cardiomyopathy" due to coronary artery disease, particularly among those patients who had not been referred for coronary angiography, the associations with low socioeconomic status and diabetes were generally consistent across strata defined by whether or not the respective case had undergone coronary angiography. The point estimates of the relative odds suggested that the associations with black race and hypertension were somewhat stronger among those subjects in which the respective case had not undergone coronary angiography.
Approximately 11.6 percent (15 of 129) of the cases in the Washington, DC, Dilated Cardiomyopathy Study (who ranged in age from 21 to 87 years) had recorded echocardiographic evidence of regional wall motion abnormalities (7). The percentage was similar among diabetic and nondiabetic patients, 13.5 versus 10.9 percent, respectively (p > 0.05). When cases with echocardiographic evidence of regional wall motion abnormalities were excluded along with their controls, the unmatched relative odds for history of diabetes were essentially unchanged (7) .
A further methodological issue relates to the procedures for case ascertainment. It was not feasible to ascertain cases from all hospitals in the Baltimore or Washington, DC, area because of finite resources and a lack of diagnostic facilities at some community hospitals. As a result, the case series may not be representative of all hospitalized cases in these areas. Nonetheless, diverse samples of hospitals were selected for case ascertainment, and the case series do reflect the racial and socioeconomic diversity of the target populations.
Another issue is whether the controls identified by random digit dialing are representative of the base populations from which the cases arose. The subjects were matched on the telephone prefix of the case, which is roughly equivalent to neighborhood in Baltimore and Washington, DC. Since it was not feasible to ascertain all of the hospitalized cases of idiopathic dilated cardiomyopathy in the Baltimore and Washington, DC, areas, individuals living in the same general neighborhood of the cases are more likely to be representative of the hypothetical populations from which the cases were drawn than are true population controls.
With respect to other possible sources of bias, there may have been residual confounding due to exposures such as alcohol consumption or cigarette smoking. Nutritional factors such as thiamine deficiency or protein malnutrition were not assessed in these studies, although patients with a history of heavy, chronic alcohol abuse were excluded. Undiagnosed diabetes and hypertension may be less frequent among cardiomyopathy patients as compared with their neighbors, because of their frequent contact with health care providers. About 90 percent of the controls in the Washington, DC, Dilated Cardiomyopathy Study had seen a physician in the past 5 years, however. Although we cannot rule out the possibility of information bias due to the use of surrogate interviews, the associations of interest were generally consistent across strata defined by whether or not a surrogate interview had been required for the case within each matched set. The results of a recent validation study in the Washington, DC, area, in which postal questionnaires were sent to health care providers, suggested that the accuracy of the interview responses for both cases and controls was good (10) . Response bias is also a possibility, as the random digit dialing procedure did not allow for persons without a household telephone to be selected as controls. Although over 90 percent of persons residing in Baltimore and Washington, DC, have a telephone in the household (29) , the percentage may be lower among elderly, low income, and minority residents.
In summary, the pattern of risk factors identified in this pooled analysis may allow for the early identification of elderly persons who are at increased risk of idiopathic dilated cardiomyopathy. In the absence of a specific biologic marker for individuals who are at increased risk, risk factors such as hypertension and low educational attainment may be helpful in identifying individuals in need of early detection and intervention. Older persons with mildly dilated, not yet irreversible forms of cardiomyopathy might benefit from early pharmacologic intervention. In view of the fact that elderly patients with idiopathic dilated cardiomyopathy have a poorer prognosis as compared with their younger counterparts, and relatively few patients over the age of 65 undergo cardiac transplantation (1), there is an increasing need for the identification of effective measures for the prevention of premature death and disability from idiopathic dilated cardiomyopathy in the elderly.
